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The community of Cystoseira brachycarpa J. Agardh emend. Giaccone (Fucales, Phaeophyceae) 
Introduction
Carbon dioxide emitted to the atmosphere by human activities is absorbed by the oceans, causing shifts in seawater carbonate chemistry and decreasing seawater pH (Intergovernmental Panel on Climate Change 2007). Surface seawater is already becoming more acidic since the beginning of the industrial era, and the average ocean pH is projected to decrease by the end of 2100 (The Royal Society 2005) . In this respect, shallow water venting areas provide natural laboratories to study in situ water acidification effects on biota (Hall-Spencer et al. 2008; Vizzini et al. 2010; Fabricius et al. 2011) . Little is known about the marine benthic algae of these areas (Acunto et al. 1996; Cocito et al. 2000; Johnson et al. 2011; Porzio et al. 2011 ) and the effect of the acidification induced by vents on Cystoseira assemblages has not been investigated yet. Communities of Cystoseira are characteristic of most Mediterranean infralittoral and upper-circalittoral rocky bottoms and their dominant Cystoseira species represent the most important habitat-forming algal species in shallow waters (Ballesteros 1992) . Cystoseira brachycarpa J. Agardh emend. Giaccone [including C. brachycarpa var. balearica according to Pizzuto (1998) ] is an endemic Mediterranean species widely distributed in the western Mediterranean (Ribera et al. 1992; Gó mez Garreta et al. 2001) . It is a photophilic species that forms dense populations on hard substrata of the upper infralittoral zone (Ballesteros 1990; Pizzuto 1999) . The aim of this paper was to describe the C. brachycarpa community in a vent area of the Aeolian Islands (Italy), and to evaluate the effect of natural seawater acidification on its species composition and structure. Changes in the biometrics of C. brachycarpa and the reproductive capacity of the community species were also assessed.
Materials and methods
The study was carried out in June 2010 off the eastern coast of Panarea and two sampling sites were chosen (Figure 1 (a),(b)). The first site was on the north-east side of the Bottaro islet within a hydrothermally active area, characterized by persistent CO 2 -dominated gas emissions (Tassi et al. 2009 ).
The second was at a distance of about 500 m from Bottaro, on the north-east side of the Lisca Nera islet, where no visible hydrothermal activity was observed. Samples were collected at about 7 m depth on a horizontal rocky bottom where the community appeared homogeneous. In each site, all vegetation was scraped off from two randomly placed 400 cm 2 quadrats (hereafter q1 and q2) using a hammer and a chisel. A probe was used in situ during 1 day (10 replicates) to pH records along the water column. Algal species were quantified as cover in cm 2 (Ballesteros 1986 ). Five thalli of C. brachycarpa were selected randomly from each quadrat (n ¼ 10 per site) and their height and the length of five randomly chosen primary branches per thallus (n ¼ 50 per site) were measured (Pizzuto 1998) . The reproductive phenology was also recorded. The synecological Rhodophyceae/Phaeophyceae (R/P) Index (Cormaci et al. 1985) , the ShannonWeaver diversity (H 0 ) Index and Pielou's evenness (J) were calculated. A nested analysis of variance (ANOVA) was carried out to test for differences between sites in thallus height and branch length. "Site" was considered a fixed factor, while the factor "quadrat" was random and nested in "Site". A preliminary test for homogeneity of variance (Cochran's test) was performed, and an appropriate transformation of the dataset was carried out when necessary (Underwood 1997) .
Results
A total of 82 taxa were identified in the C. brachycarpa community of both sampling sites (Table I) G. Bellissimo et al. 22 C. brachycarpa community in a vent area 23
found. The number of species and cover were, respectively, 62% and 545.15% at q1, while 60% and 623.78%, respectively, at q2. The community was well structured and it showed a well-developed erect stratum dominated by C. brachycarpa (425.25% of cover at q1 and 502.58% at q2), with high mean values of both thallus height (12.64^SD 0.77 cm at q1 and 12.90^SD 0.86 cm at q2) and branch length (8.05^SD 0.56 cm at q1 and 8.33^SD 0.63 cm at q2). The turf-forming stratum was scarcely represented, mainly being composed of Gelidium pusillum. In contrast, numerous epiphytic species were found on C. brachycarpa. The Corallinales Hydrolithon farinosum and Haliptilon virgatum were also detected, although with a very low cover. The encrusting stratum consisted mainly of the Corallinales Neogoniolithon brassica-florida. Several fertile species, including C. brachycarpa, were recorded both at q1 (27.8%) and q2 (30.6%). At Bottaro (mean pH 6.92^SD 0.08), a total of 38 taxa [18 Rhodophyta (47.4%), 8 Phaeophyceae (21.0%) and 12 Chlorophyta (31.6%)] were found. The number of species and cover were, respectively, 24% and 154.63% at q1, while 31% and 163.40%, respectively, at q2. The community was scarcely developed, showing a poor erect algal stratum dominated mainly by C. brachycarpa (145.38% of cover at q1 and 117.58% at q2); specimens of this species were also poorly developed, with low mean values of both thallus height (4.14^SD 0.23 cm at q1 and 4.44^SD 0.21 cm at q2) and branch length (2.28^SD 0.58 cm at q1 and 2.46^SD 0.37 cm at q2). In the turf-forming stratum, Padina pavonica, Dictyota mediterranea and Caulerpa racemosa var. cylindracea were the most abundant species, while few species grew as epiphytes on C. brachycarpa. Species of Corallinales were not detected. The encrusting stratum was lacking. The reproductive capacity of the community was low (4.2% at q1 and 9.7% at q2) and all C. brachycarpa specimens were sterile. R/P, H 0 and J indices values of both sampling sites are indicated in Table I . Concerning the size of 
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C. brachycarpa specimens, ANOVA showed statistical differences between sites for both thallus height and branch length (P , 0.001), whereas no differences were detected between quadrats within each site (P . 0.05). In particular, for both variables the mean values were higher at Lisca Nera than at Bottaro, with differences of 8.5 cm for thallus height and 5.8 cm for branch length.
Discussion
Qualitative and quantitative differences between the C. brachycarpa assemblages of vent and non-vent areas were detected. Changes in the structure and species composition were observed in the patchy vent community. Settlement of a large number of turf algae was probably due to the reduced canopy and abundance of C. brachycarpa. In addition, the shorter length of branches could explain the lower occurrence of epiphytic species, mainly Rhodophyta, which require a dense Cystoseira canopy to thrive, thus explaining the low R/P Index recorded. Venting assemblages seemed to be affected not only by hydrothermal activity but also by the spread of some invasive macroalgae (such as C. racemosa var. cylindracea), which commonly display high adaptability to a wide ecological range (Boudouresque & Verlaque 2002) . The total lack of Corallinales in the vent community is noteworthy and in agreement with predictions based on short-term experiments where skeleton dissolution and drop in recruitment rate were reported at a pH of 7.9 Kuffner et al. 2008) . Species of Corallinales are characterized by the presence of calcite with a high content of Mg in their cell walls (Craigie 1990) , and thus lowered pH levels may reduce or inhibit calcification (Martin & Gattuso 2009 ). The influence of hydrothermal activity was likely to affect the growth of C. brachycarpa. In this regard, contrasting effects of increased CO 2 have been found on algal growth. On the one hand, increased CO 2 levels may enhance growth and the effects of acidification may be heterogeneous, often species-specific (Xu et al. 2010; Suárez-Á lvarez et al. 2011; Johnson et al. 2012) . Nevertheless, an elevated CO 2 concentration may not affect or inhibit the macroalgal growth by decreasing photosynthetic activity at high CO 2 levels or as a result of acidification of the medium (García-Sánchez et al. 1994; Israel & Hophy 2002) . The low reproductive capacity detected close to vents probably produced a decrease in recruitment in the acidified area, which may be mitigated by recruiting from the surrounding non-vent communities (Porzio et al. 2011) . Our investigation highlighted the high vulnerability and fragility of the Cystoseira species and the assemblages they form. Our results showed that shallow hydrothermalism had a negative effect on the growth and reproduction of several species, as well as on the species composition and structure of the C. brachycarpa community. However, further studies extending through longer time periods and including estimate production and mean annual growth, recruitment and mortality rates of Cystoseira are required to gain more information about the possible decline of Cystoseira assemblages in a future scenario of naturally acidified seawater.
